Abstract-Information on risks is collected from various sources and converted into loss of life expectancy throughout life and in various age ranges. Risks included art: radiation, accidents of various types, various diseases, overweight, tobacco use, alcohol and drugs, coffee. saccharin. and The Pill, occupational risks, socioeconomic factors, marital status,
INTRODUCTION
THE PUBLIC is constantly harrangued about all sorts of risks, and its perception of risks plays an important role in governmental decision making. The risks of radiation have especially been emphasized in the popular press. This creates a very serious problem since the public does not understand risk. It gets highly excited about radiation risks which are almost never fatal, whereas it largely ignores other risks which claim thousands of lives every year.
One possible reason for this situation is that risks are not generally expressed in understandable terms. They are usually given as annual mortality rates, which are nearly always smaller than whereas there is good evidence that the public recognizes little difference between an annual risk of lo4, and An expression of risk more understandable to the public would be in terms of days of life expectancy lost; one purpose of this paper is to translate the data into those terms. A complication in that process is that the value of lost life expectancy is generally viewed as varying considerably with the age a t which the time is lost-a year lost in the prime of life by a parent of small children is generally more regretable than a year lost in advanced old age. We therefore give results in terms of life expectancy lost in various age ranges.
DEFINITIONS AND CALCULATIONAL PROCEDURES
The basic information in calculating life expectancy is a set of R ( I ) , the mortality rate (or probability of death) during year I defined as starting on the Ith birthday. Given R(I), one may calculate P(M, N), the probability of death a t age N fur a person who is alive on his Mth birthday, as For Q = 03, (3) was shown to be mathematically equivalent to the standard procedure (PH75) for calculating life expectancy.
It should be noted from (3) that for an intermediate age S since the second term on the right side of (4) presumes that all members of the group are alive at age S whereas this is not true for the term on the left side of (4). R ( I ) , based on 1974 statistics (PH75), are used with (1) and (3) to calculate the values of E(M, Q ) shown in Table 1 . Results are shown there for the total U.S. population, for all males, all females, all whites, all nonwhites, white males, white females, nonwhite males, and non-white females. All of these are necessary for analysis of some of the risks we will be discussing since R ( I ) are often given separately by sex and/or race. It would clearly be very cumbersome to present data for all values of M and Q, so some selection is necessary. Additional data beyond that given in the Tables are available from the first author. In most situations, data are available as the mortality rate due to a particular risk, x, as a function of age, r,(I). If the risk x were eliminated, R ( I ) would be reduced to R,(I) given by and the R x ( I ) may be used with (I) and (3) to calculate revised values of E ( M , Q), which we designate EX(M, Q). The loss of life expectancy, AE(M,Q), due to the risk x is then 
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Some simple examples of interest are shown in Table 2 ; these include calculations of AE(M, Q) for r,(l) = 1 X lo-' and 1 X IO-' for all I. We see that AE(M, Q ) depends linearly on the r,(Z) to rather good accuracy over a very wide range.
In some situations, data are available as mortality ratios, p ( I ) , defined as
~( 0 = R y ( I ) I W ) (6)
where Ry are the mortality ratios for some group of interest, y. The loss of life expectancies due to natural radiation, taken to be 100 mremlyr whole body exposure, are listed in Table 3 for the three cases discussed above. The mortality rates r(1) are taken from the BEIR Report pp. 172 and 173.
The data for the absolute risk model given in the BEIR Report, p. 173, lead to a total of about 1850 fatalities per year whereas the BEIR Summary gives a best estimate of 3500.
To be consistent with the latter, one should cedure gives A E = 9 days. The same treatment for the relative risk model with the 30 yr plateau, which results in 3170 fatalitieslyr according to the BEIR Report, p. 172, means multiplying 8.1 times 3500/3170 which gives AI3 = 9 days, and for the relative risk model with infinite plateau this gives A E = 23 x 3500/8930 = 9.0. The BEIR estimate is therefore A E = 9 days.
In a previous paper (Co79) it was shown that the basis for the relative risk model is highly questionable, and the form in which it is used in the BEIR Report is almost certainly erroneous. On the other hand it is shown that an age dependent absolute risk model is quite reasonable and that the form of the age dependence, so long as it is even crudely consistent with the data, is essentially irrelevant. The results for the absolute risk model are therefore the more credible. Perhaps the I tibility to cancer due to radiation exposure, of best procedure is therefore to use the number from the BEIR absolute risk model in Table  3 and multiply by 1915 = 1.8. If the natural radiation level is different from 100 mrernlyr, all values in Table 3 should be scaled proportionally, and the same is true, of course, if there are additional sources of exposure received regularly (averaged over a few years) such as that due to fallout. The average dose to those occupationally exposed to radiation is about 500,mrem/yr, and this additional exposure may persist from ages 18 to 65. The loss of life expectancies from this exposure, calculated with the BEIR absolute risk model, are also listed in Table 3 .
For some occupationally exposed persons, the annual exposure may be up to ten times higher, 5000mrernlyr; in such a case, the values in Table 3 should be scaled proportionately. For consistency with the BEIR Report Summary, an additional factor of 1.8 should probably be applied, raising A E from 500 mrem/yr to 18 X 1.8 = 36 days of lost life expectancy.
Routine releases of radioactivity from the nuclear industry wouid be expected to give the average American an additional exposure of about 0.2 mremlyr (Co76; AP78; P076; NR76) if all U.S. electric power were nuclear. This is 0.2% of natural radiation exposure and therefore gives A E = 0.002 X 11 = 0.022 days = 30 min.
ACCIDENTS
Mortality rates as a function of age_ are given in the National Safety Council annual booklet "Accident Facts"; to be consistent with our data base, 1974 statistics are used (NS75). The results are listed in Table 4 for Table 5 . We see that, in general, males are more susceptible to accidents-7% of all males vs 4% of all females die in accidents-and that the differences are especially large for automobile accidents (including pedestrian fatalities), drowning, and firearms (too small to be listed for females). Total loss of life expectancy due to accidents, AE, is 669 days (1.8yr) for males and 363 days (1 .O yr) for females. Accident mortality has decreased by 22% over the past decade, which means that improved safety has added about 110 days to the life expectancy of the average American over this period.
the first four lines) whereas for other diseases they are given in days. It is apparent that heart disease is largely a male problem UP to age 55, but at older ages it affects both sexes equally. Homicide and suicide are largely male problems at all ages, whereas stroke and diabetes are more prevalent killers in females.
OVERWEIGHT
Data on mortality ratios for overweight people are available from the "Build and Blood Pressure Study" by the Society of Actuaries in 1959 (Me60) which covered experience on 5 million people insured by 26 large insurance companies between 1935-53. Since the overwhelming number of those infrom "Statistical Abstract of the United sured were white, the standard groups used States" (Ce75) are used to calculate the are white males and white females. Results A E ( M , Q ) in Table 6 . The values for heart are given in Table 7 for each sex and for disease and cancer are given in years (in weights 10, 20, and 30% above average. It is perhaps somewhat surprising that the inlinear-one might expect more like ii quadratic dependence (Pa58) . However, the average weight is about lO-15% above the optimum (defined as the weight for maximum life differences between risks for males and expectancy-Me77a) so 10 and 30% above females is partly explainable by the fact that average are probably about 23 and 46% res-women smoke fewer cigarettes per day and pectively above the optimum. This makes the do not inhale as frequently or as deeply as ratio of about a factor of 3 between their males. effects seem not unreasonable.
DISEASE

Mortality rates vs age for various diseases
There is a great deal more detail available An average male weighs 1601b. so a 10% on smoking risks, including such dependenchange is 16 lb; this causes AE = 1.3 yr = cies. Table 9 gives the results for some of 16months, or about 1 month/lb. An average these from the Hammond study. In many female weighs 1201b, so a 10% change is cases, the statistics were too poor to derive 121b, and it causes AE = 1.0yr = 12months, an age dependence, so the following proor again, about 1 monthlib. cedure was used:
For heavy male cigarette smolgers there TOBACCO was a very characteristic mortality ratio age The principal studies of effects of smoking dependence, peaked at age 50, about 80% of on mortality rates are those by Dorn on the peak value at ages 40 and 65, and 65% of 294,000 holders of veteran's life insurance the peak value at age 80. This age depenDoIicies (Ka66) and the American Cancer dence was fit to the data where such fits were reasonable. They were not reasonable for women, for pipe and cigar smokers, and for those who had stopped smoking for more than 5 yr. For these cases, the mortality ratio age dependence was essentially constant for 45 to 75, and somewhat less at younger and older ages; the age distribution for women was fitted to all of these cases in Table 9 . Table 9 lists total loss of life expectancy beyond age 20 for each category of smoker. Losses of life expectancy between various I ! Society study directed by Harnmond of over a million men and women (Ha66). Summaries of these are given in PH67 as the ratio of mortality rates for smokers and non-smokers, ( S / N ) , vs age. Since a large fraction of the population does smoke, not smoking represents an appreciable increase of life expectancy over the average. About 50% of all men and 25% of all women are smokers, so we assume that the mortality ratio relative to that of the whole population for males is (S!N)In and (S/N)-'" for smokers and nonsmokers respectively, and for females we take these to be (S/N)3'4 and (S/N)-'I4; note that these are set to give the proper ratio of mortality rates for smokers and non-smokers, namely S/N.
The resuits are listed in the left columns of Table 8 . The data for males in the two studies are quite consistent and are therefore averaged; only the Hammond study gives results for females. Negative values for nonsmokers in Table 8 indicate a negative loss (Le. a gain) in life expectancy. The large 
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pairs of ages are given for four cases, one non-smokers (Ka66) for a selection of fatal female and three male, in Table 8 . Values for diseases. This may be used in conjunction other cases listed in Table 9 may be linearly with Tables 6 andlor 8 to estimate the loss of interpolated from these, being careful not to life expectancy due to various diseases as a confuse between males and females. result of smoking. It may be noted that there is a puzzling discrepancy between Tables 8 and 9 for average female data; in the former, the Risks to individuals from use of alcohol difference in life expectancy between smoking and drugs are not easy to treat generally or to and non-smoking females is 1.17 yr, whereas in quantify, but it may contribute perspective to the latter it is 2.2yr, nearly a factor of two develop estimates of the average loss of life discrepancy. The latter number and all num-expectancy due to their use in our Society. bers in Table 9 are based on mortality ratios We use a treatment from NS73.
given in the original report on the Hammond There are three causes of death on the Study ( H a s ) whereas the former is based on international list that are directlpdue to almortality ratios' attributed to that study in a cohol: alcoholic psychosis-ICDA No. 291-later Public Health Service Review (PH67) 600 deathslyr; alcoholism-ICD A No. 303-using an evaluation procedure that is not 3000 deathslyr; and cirhosis of liver-alcoexplained. The originating groups for both pub-holic-ICD A No. 57 1.0-9500 deathslyr.
lications were consulted, and neither was wil-About 50% of all motor vehicle deaths are ling to concede an error. We therefore present due to alcohol--23,000/yr. About 20% of the results from both. For males, there is little other accidents, suicides, and homicides are difference between the mortality ratios given in due to alcohol, contributing 12,000, 4300 and the two references.
2700 fatalities per year respectively. About In view of the large losses of life expec-10% of cancers of the esophagus and oral tancy listed in Tables 8 and 9 , it is interesting cavity may be blamed on alcohol, contributto consider what risks for various causes of ing another 600 and 700 deathslyr respectively. death are brought about by smoking. In attributing six days of lost life expectancy to coffee drinking, we ignore all effects other than bladder cancer, such as the known mutagenic properties of caffeine, and effects on the nervous system, weight control, etc.
According to the U.S. 76, 77) categorized by industry. These are shown in Table 11 . The frequencies of disabling injuries, (defined as disabling beyond the day of the accident) are also listed there as a matter of interest; we see that mortality is not the only important aspect of occupational risk.
If we assume that these accidents occur with equal probability at all ages between 18 and 64, the data in the bottom lines of Table 2 can be used by'multiplying all values by the ratio of the mortality rates in Table 11 to the 10 x lo-' assumed in Table 2 . The t_otal losses of life expectancy upon entering the occupation, AE(l&m) are listed in the last column of Table 11 for males. Other values of Table 11 gives the occupational risk of radiation exposure in the nuclear industry based on an average whole body exposure -of 500mremlyear. It is evident that this risk is not large relative to other occupational risks. Some occupational radiation exposures are as much as ten times larger than this average, but it should be recognized that the risks listed for other occupations are also averaged rather than risks to those most exposed.
Many occupations involve mortality risks other than accidents. There may be exposure to toxic chemicals or dusts, unusual temperatures, or other environmental factors which cause delayed deaths not classified as accidents.
There have been at least two studies of mortality ratios for various industries, one based on U.S. mortality in the year 1950 by U.S. Public Health Service (PH62). and a study of 1955-64 experience with industries holding group life insurance published by Society of Actuaries (S067). Their data are listed in Table 12 ; in both of these studies, statistical accuracies are rather poor, but we take the average between them and assume that these mortality ratios apply at all ages between 18 and 64 to calculate effects on life expectancy. Our results are listed in the last But the most important difficulty with Table  12 is that it is heavily influenced by socioeconomic factors. These are discussed in the next section.
SOCIOECONOMIC FACTORS
Information on mortality ratios by job type is available from the Public Health Service study of mortality in the year 1950 (PH62a; Me7S). Occupations are grouped as:
I. Professional (4%, 0.5%) 11. Technical, administrative, managerial 111. Proprieters, clerical, sales, skilled IV. Semi-skilled (2496, 30%) V. Unskilled (8%, 31%). The percentage of whites and non-whites that are in each group is given in parenthesis.
Results on life expectancies for these groups relative to the U.S. average are listed in the top lines of Table 13 for whites only. We see that the differences between Classes I and V approach 4 yr. If non-whites had been included, they would have been twice as large.
Data from England and Wales (Re71) indicate an even larger spread among occupational classes. The mortality ratios (to the (IO%, 3%) (40%, 14%) - whole population) averaged over ages 15-64 are listed in Table 14 . We see that the effects are very similar between men and their wives, which indicates that we are dealing more with socioeconomic factors than with occupational risks. It is interesting in this regard to note that causes of death also relate to occupational class. Data on this for U.S. white males are shown in Table 15 . We see that Class I males are much less likely than Class V to die from tuberculosis, influenza, and accidents, and there are strong tendencies of this type for cancer, cirhosis of liver, and suicide. Data Single mortality ratios are given for ages 25-64, but it seems most reasonable that the factors that cause differences should continue to operate for the remainder of life in this age range so we have assumed this to be the case.
Results are included in Table 13 . We see that the extreme differences in educational attainment give over 4yr difference in life expectancy. The differences are even larger for women which again indicates that OCCUpational hazards are not a dominant factor. There are data on mortality ratios for business executives listed in "Who's Who in Table 16 . We see that these men, who are near the the top of the socioeconomic ladder, live nearly 5 yr longer than average-twice the largest increases for those in the broader top classes considered in Table 13 . Top political leaders do not do nearly as well. The excess longevity of some groups (Me70, 71b, 71c, 75a, 76) are listed in Table  17 . We see that Governors, Congressmen, Senators, and even Supreme Court Justices (who would seem to lead less pressured lives than the others) do not enjoy the increased life expectancy of the highest socioeconomic classes, and that being President of the United States, in this century is one of the most dangerous jobs available. The statistics for this last group are somewhat distorted by the assassination of John F. Kennedy at a relatively young age; but even without this case, life expectancy of twentieth century presidents has been 3.0 yr less than for average white males.
Mortality ratios are available on a rather different group, baseball professionals, who played in t h e major leagues for 5 or more years (Me75b). Excesses in their life expectancy relative to average white males (most Table 13 . We see that the differences between Japanese and Negros exceed IOyr, which is far larger than the differences due to socioeconomic factors we have identified. It would seem that there truly are important purely racial differences of a few years in life expectancy.
One possible indicator of socioeconomic status for which data are available is insurance coverage. Physical examinations . connected with purchase of insurance would distort data for the first few years, but their effect should be inconsequential 15 yr later; in fact, mortality statistics for holders of individual insurance policies are quite similar to those having group insurance, which requires no physical examination (Me7la). However, both of these categories have considerably lower mortality rates than average. Data are available for white males and white females, and results on life expectancies calculated from them are included in Table 13 . It seems that just being the type of person who buys life insurance means that one will probably live 1.3-2 yr longer than average.
.
MARITAL STATUS
One of the most important factors correlated with mortality rates is marital status. Data are available for white and non-white males and females on mortality rates at various ages when single, married, divorced, and widowed (NC70). The losses of life expectancy relative to those who are married are shown in Table 18 . The marital status for people voluntarily subject themselves to. It is also interesting to note that men apparently suffer much more than women from being unmarried.
differences in the European situation. In any case, it is difficult to escape the conclusion from To avoid racial differences, we list data for whites only in Table 19 (NC75). Since we have shown that economic status has an important effect on life expectancy, we also list per capita income relative to the U.S. average ((275) . It is clear that economic status can explain only a very small part of the 3.5yr difference between the extremes in Table 19 . The largest differences are between rural northern states and rural southern states, which suggests that geography plays an important role.* This may be correlated with differences between vs 38 in NY, NJ and CT.
northern and southern Europe which are of about the same magnitude (Norway-73, people in rural areas live 5 y r longer than Sweden-74, Denmark-72 vs Italy-70, Greece-those in urban areas (Te58). Some effort was 69, Spain-70), although there may be racial made to check this, but _.-without success. In Table 19 -we whites in Di: *The per capita incomes listed in Table 19 are entirely urban, for the entire population rather than for whites in surrounding only. So for rural southern states which have large for Health Stal populations of low income non-whites, per capita incomes in Table 19 are considerably lower than a vs urb< for whites. This is further evidence that economic Politan areas (which status does not explain the differences in life components) are not grossly different from expectancy.
those for non-metropolitan areas (which in-
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clude small cities). Table 12 indicates that farmers live about 0.7 yr longer than average. There is some indication that people in suburbs live longer than those in urban or rural areas, although socioeconomic factors would be relevant here. It seems propable that urban-rural differences do. not cause more than 1 yr difference in life expectancy.
ARMED FORCES
Combat duty in wartime is clearly a dangerous situation. If we assume that the average member of the Armed Services killed in Vietnam died at age 25, the average loss of life expectancy from being sent to Vietnam was as given in Table 20 . Deaths in the armed forces are especially notable for the large fraction of lost life expectancy that occurs in the prime years of life. The ratio of death rates in Vietnam to average death rates for men of the same age in this country was about 10 for the army, 5 for the navy, 20 for the marines, and 3 for the air force. 
CATPSTROPHIC EVENTS (NR75)
The news media generally give extensive coverage to incidents involving large loss of life, and the public has a considerable awareness of such risks. The effects of these risks in terms of average lost life expectancy are listed in Scientists (UC77); only a few percent even of these fatalities would occur within the first few months, -and the remainder would represent an undetectabIe increase in cancer risks over the following half century. There seems to be some support for the idea that the important thing about catastrophic events is not the average risk from them, but how frequently they occur. The argument here is that public morale is the important issue, there being no hope of educating people to understand risks. Estimates of the average number of years between events of a given type causing 1000 or more fataliti, *s are listed in estimates of the number of fatalities per year increases life expectancy. Losses of life in the U S . caused by generation of energy. expectancy due to technology may be patMany of these estimates are from C076. The terned after our treatment of risks in produccoal transport estimate is from Sa74. The tion of energy. Energy production is well mortalities from gas and oil induced fires are recognized as our most polluting single inestimated as 2 and 10% respectively of all dustry, and it probably accounts for at least deaths' from fires. The asphyxiation deaths 30% of all fatality producing industrial pollufrom gas are estimated as a third of all tion. We may therefore estimate that all of asphyxiations, most of which are from car-the pollution produced by industrial techbon monoxide which we do not include here. nology probably does not reduce our life cheir estimate io bc 50%. 
PRIORITIES A N D PERSPECTIVE
In Table 26 we have assembled many of the values of A E developed in this paper and listed them in order of decreasing AE. We have combined and averaged some categories to reduce complexity.
To some approximation, the ordering in Table 25 should be Society's order of priorities. However, we see several very major problems that have received relatively little attention (at least from the health standpoint) whereas some of the items near the bottom of the list, especially those involving radiation, receive a great deal of attention. Perhaps a few specific suggestions are in order here: might be stimulated. I divers who use a rubber suit, a metal helmet, c07g &hen B.L.., .197g, "Relative Risk of Sacheavy weights, and a hose to an air pump on charin and Colorie Ingestion", Science 199, 983. the surface; decompression sickness is their Eh72 Ehrlich P.R. and Ehrlich A.H., 1972, 
